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(54) DIAPHRAGM FOR SOLID HIGH MOLECULAR ELECTROLYTE FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To develop a diaphragm for a solid high molecular fuel cell, wherein the 
diaphragm has sufficient physical strength, small electric resistance, and low gas permeability. 
SOLUTION: A polyolefin based porous film, preferably a polyolefin based porous film having average 
molecular weight of 100,000 to 450,000 is used for a base material of a diaphragm for a solid high 
molecular electrolyte fuel cell. The diaphragm is formed of an anode ion exchange film wherein anode ion 
exchange resin is stuffed in porous areas thereof and ito electric resistance in 1 mol/L of sulfuric acid 
aqueous solution is not more than 0.20 U.cm2, and permeation coefficient of hydrogen gas at 50 degrees 
centigrade is not more than 3.0 x 10-8 cm3(STP).cm.cm-2.s-1 .cmHg-1 . 
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* NOTICES * 

Japan Patent Office is not respons^J^f or any 

damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The diaphragm for solid-state polyelectrolyte mold fuel cells which uses polyolefine system 
porous membrane as a base material, and it comes to fill up the hole section cation exchange resin, and 
the electric resistance in a 1 mol/L-sulfuric-acid water solution is two or less 0.20ohm and cm, and is 
characterized by the transmission coefficient of the hydrogen gas in 50 degrees C consisting of cation 
exchange membrane which is 3.0x1 0-8cm3 (STP), cm-cm-2, s-1, and less than [ cmHg-1 ]. 
[Claim 2] The diaphragm for solid-state polyelectrolyte mold fuel cells according to claim 1 whose weight 
average molecular weight of polyolefine system porous membrane is 100,000-450,000. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the diaphragm for solid-state polyelectrolyte mold fuel 
cells which consists of a diaphragm for polymer electrolyte fuel cells, and cation exchange membrane which 
uses polyolefine system porous membrane as a base material in detail. 
[0002] 

[Description of the Prior Art] A fuel cell is a generation-of-electrical-energy system which takes out 
chemical energy when a fuel and an oxidizer are supplied continuously and these react as power. A fuel cell 
is divided roughly by the class of electrolyte used for this with a phosphoric-acid mold with a 
comparatively low operating temperature, a solid-state macromolecule mold, the melting carbonate mold 
that operates at an elevated temperature, and a solid oxide type. 

[0003] it be make to act as a fuel cell by join the gas diffusion electrode with which the catalyst be **** 
(ed) by both sides of the diaphragm of the solid-state macromolecule on which a polymer electrolyte fuel 
cell act as an electrolyte in these , supply the oxygen content gas which be oxidizers , such as oxygen and 
air , respectively to ** of the side to which the gas diffusion electrode of another side exist the hydrogen 
which be a fuel in ** ( combustion chamber ) of the side in which one gas diffusion electrode exist , and 
connect an external load circuit between ring main diffusion electrodes . 

[0004] The basic structure of such a polymer electrolyte fuel cell is shown in drawing 1 . the inside of 
drawing, and (1) — in a cell septum and (2), a combustion chamber side gas diffusion electrode and (5) 
show an oxidizer room side gas diffusion electrode, and, as for a fuel gas circulation hole and (3), (6) shows 
the solid-state polyelectrolyte film, as for an oxidizer gas circulation hole and (4). In this polymer 
electrolyte fuel cell, by the combustion chamber (7), a proton (hydrogen ion) and an electron generate from 
the supplied hydrogen gas, and this proton conducts the inside of a solid-state polyelectrolyte (6), moves 
to the oxidizer room (8) of another side, reacts with the oxygen in air or oxygen gas, and generates water. 
At this time, when the electron generated with the combustion chamber side gas diffusion electrode (4) 
moves to an oxidizer room side gas diffusion electrode (5) through an external load circuit, electrical energy 
is obtained. 

[0005] In the polymer electrolyte fuel cell of such structure, cation exchange membrane is usually used for 
the above-mentioned diaphragm. And it is required for this cation exchange membrane small [ electric 
resistance ], high [ water retention ], that gas permeability is low, stable to long-term use, that physical 
reinforcement should be strong, etc. 

[0006] Conventionally, the perfluorocarbon-sulfonic-acid film is mainly used as a cation exchange 
membrane used as a diaphragm for polymer electrolyte fuel cells. However, although this film was excellent 
in chemical stability, reduction of the electric resistance by thin-film-izing was [that desiccation of cation 
exchange membrane arises and the conductivity of a proton tends to fall ] difficult for it, since still more 
nearly physical reinforcement was also inadequate, since water holding capacity was inadequate. 
Furthermore, the perfluorocarbon-sulfonic-acid film was expensive. 
[0007] 

[Problem(s) to be Solved by the Invention] On the other hand to JP,1 -22932A as a diaphragm for polymer 
electrolyte fuel cells The cation exchange membrane with which weight average molecular weight comes to 
fill up cation exchange resin all over 500,000 or more holes of the polyolefine system porous membrane of 
the amount of macromolecules is indicated. As the manufacture approach Make a solvent dissolve cation 
exchange resin in the above-mentioned porous membrane, it is made to sink in, the approach of making a 
solvent removing, the monomer of cation exchange resin, etc. are infiltrated into the above-mentioned 
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porous membrane after that, and the method of performing the polymerization of the above-mentioned raw 
material monomer etc. is indicated J^^r that. 

[0008] However, when this cation ^Brange membrane infiltrated into the abo^Wnentioned porous 
membrane the solution which cation exchange resin dissolves, and its raw material monomer since a base 
material is the polyolefine of the amount of macromolecules although physical reinforcement was good, this 
porous membrane did not fully swell it, but it had the problem into which these do not fully enter to the 
details in a membranous hole. By the approach of infiltrating the solution of cation exchange membrane 
especially, since a solvent was removed after sinking in, the volume change of packing arose and the 
restoration nature to the hole section details of the above-mentioned porous membrane was falling further. 
Moreover, it was difficult to have made it fill up also with the approach of infiltrating a raw material 
monomer, densely to the hole section details, since these monomers are hyperviscosity in many cases. 
[0009] Therefore, the cation exchange membrane obtained by the above-mentioned approach was that 
from which it does not fill up with cation exchange resin densely to the hole details of a base material, and 
the permeability of gas is large, therefore it cannot fully suppress that the hydrogen gas of a combustion 
chamber is spread in an oxidation room side when it is used as said diaphragm for fuel cells, and a big cell 
output is not obtained. Moreover, ion exchange capacity was low and the electric resistance of ion 
exchange capacity was also high. 

[001 0] As mentioned above, it was a big technical problem to have sufficient physical reinforcement and to 
develop a polymer electrolyte fuel cell diaphragm with low gas permeability small [ electric resistance ]. 
[0011] 

[Means for Solving the Problem] this invention persons have continued research wholeheartedly in order to 
solve the above-mentioned technical problem. Consequently, polyolefine system porous membrane was 
used as the base material, and electric resistance is small, and it succeeds in gas permeability developing 
low cation exchange membrane, and came to complete this invention. 

[0012] That is, this invention is a diaphragm for solid-state polyelectrolyte mold fuel cells which uses 
polyolefine system porous membrane as a base material, and it comes to fill up the hole section cation 
exchange resin, and the electric resistance in a 1 mol/L-sulfuric-acid water solution is two or less 0.20ohm 
and cm, and is characterized by the transmission coefficient of the hydrogen gas in 50 degrees C 
consisting of cation exchange membrane which is 3.0x1 0-8cm3 (STP), cm-cm-2, s-1, and less than 
[ cmHg-1 ]. 
[0013] 

[Embodiment of the Invention] As for the cation exchange membrane used in this invention, the free 
passage hole of polyolefine system porous membrane is filled up with cation exchange resin, and, as for 
usual, it fills up with the so-called ion exchange resin of a hydrocarbon system completely substantially. 
That is, the high hydrocarbon system ion exchange resin of the hydration force is the cation exchange 
membrane of the gestalt distributed to polyolefine system porous membrane, and since the restoration 
nature of ion exchange resin is high, this cation exchange membrane can be set as the range of a request 
of electric resistance and the transmission coefficient of hydrogen gas by adjusting ion exchange capacity 
and fixed ion concentration. 

[0014] As polyolefine which is raw material resin of porous membrane, the homopolymer of the alpha olefin 
of carbon numbers 2-8, other alpha olefins, or a copolymer with other monomers which can be 
copolymerized is suitably mentioned for ethylene, a propylene, 1-butene, 1-pentene, 1-hexene, a 3- 
methyM-butene, 4-methyM -pentene, a 5-methyl-1-heptene, etc. 90% of the weight or more of a thing 
has the desirable content of the monomer based on an alpha olefin. In such polyolefines, polyethylene and 
polypropylene are desirable and especially polyethylene is desirable. 

[0015] the weight average molecular weight of polyolefine — 10,000-450,000 — suitable — 100,000- 
450,000 — 1 50,000-400,000 are still more suitably desirable. By using the polyolefine of the above- 
mentioned weight average molecular weight, it becomes possible for porous membrane to become what has 
low bloating tendency, and for you to make it more densely filled up with this monomer constituent to the 
hole details in the manufacture approach of the cation exchange membrane mentioned later at the time of 
sinking [ of the monomer constituent for manufacturing cation exchange resin ] in. 

[0016] In addition, backing according [ such polyolefine system porous membrane ] to blanket-like objects, 
such as a product made from polypropylene system fiber, further may be performed. 

[0017] 0.1-5 micrometers, suitably, the average aperture of the hole of the above-mentioned polyolefine 
system porous membrane is 0.1-1 micrometer, and 40 - 90% of thing of voidage is more preferably 
desirable [ an aperture ] 30 to 95%. Since electric resistance increases when an average aperture is 0.1 
micrometers or less, and a mechanical strength becomes low when an average aperture is 5 micrometers 
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or less, it is not desirable. Moreover, since electric resistance increases when voidage is 30% or less, and a 
mechanical strength becomes low voidage is 95% or more, it is not desi^^^. 

[0018] Furthermore, as for polyoleffliRystem porous membrane, what usuall^Ws the thickness of 5-100 
micrometers from a viewpoint which gives the viewpoint which suppresses electric resistance low, and a 
mechanical strength required as a supporting lamella is desirable, and what has 10-70 micrometers more 
preferably is desirable. That to which such polyolefine system porous membrane porosity-ized the 
polyolefine system film by the extending method etc. is used. 

[0019] As for the diaphragm for solid-state polyelectrolyte mold fuel cells of this invention, the hole 
section of the above-mentioned polyolefine system porous membrane is filled up with cation exchange 
resin. Although it is not limited especially if it is the functional group which can serve as negative charge in 
the inside of a water solution as a cation-exchange radical of cation exchange resin, a sulfonic group, a 
carboxylic-acid radical, a phosphonic acid radical, etc. are mentioned, among these, specifically, especially 
a sulfonic group is desirable. 

[0020] Since the thickness of said extent can use thin porous membrane as a base material in the cation 
exchange membrane used by this invention, the electric resistance in a 1 mol/L-sulfuric-acid water 
solution is the small value of 0.05-0.1 5ohm and cm2 suitably two or less 0.20 ohm-cm, and it is 
advantageous as a diaphragm for cells. 

[0021] And since the restoration nature of the cation exchange resin to the hole section of the porous 
membrane of a base material is high, the permeability of gas is very small [ cation exchange membrane ], 
while the cation exchange membrane used by this invention is film with electric resistance small like the 
above, namely, the transmission coefficient of the hydrogen gas in 50 degrees C — 3.0x1 0-8cm3 (STP), 
cm-cm-2, s-1, and cmHg- it is 0.5-2.0x1 0-8cm3 (STP), cm-cm-2, s-1, and cmHg-1 suitably one or less. 
Thus, since the transmission coefficient of hydrogen gas is small, that the supplied hydrogen gas 
penetrates a diaphragm and is spread in oxygen gas can prevent the diaphragm for solid-state 
polyelectrolyte mold fuel cells of this invention which consists of this cation exchange membrane good, and 
the cell of a high output is obtained. 

[0022] In addition, generally the cation exchange membrane used by this invention which has the 
transmission coefficient of the above-mentioned hydrogen gas has the value of 2.0x1 0-8cm3 (STP), cm- 
cm-2, s-1 and less than [ cmHg-1 ], and also 0.3-1 .5x1 0-8cm3 (STP), cm-cm-2, s-1 and cmHg-1 as a 
transmission coefficient of the oxygen gas in 50 degrees C. Therefore, transparency of the diaphragm of 
oxygen gas can also prevent the polymer electrolyte fuel cell diaphragm of this invention good. 
[0023] Furthermore, as for the cation exchange membrane used by this invention, it is desirable that the 
viewpoint which maintains electric resistance at the above-mentioned range to cation exchange capacity is 
0.5 - 3.0 mmol/g suitably 0.2 to 5.0 mmol/g. 

[0024] Moreover, as for water content, it is suitably desirable that it is 40% or more 30% or more so that it 
may be hard to produce the conductive fall of the proton by desiccation. Generally water content is held at 
about 30 - 90%. In order to obtain the water content of such range, it is controllable by the class, the 
cation exchange capacity, and the degree of cross linking of the cation exchange resin which exists in the 
hole section of porous membrane. 

[0025] Although the cation exchange membrane which has such description may be manufactured by what 
kind of approach, generally it is manufactured by the following approaches. That is, after making it sink in, 
carrying out reduced pressure deaeration of the monomer constituent which consists of the monomer, 
cross-linking monomer, and polymerization initiator which have the functional group or cation-exchange 
radical which can introduce a cation-exchange radical at polyolefine system porous membrane, the 
polymerization of the monomer constituent is carried out and the approach of introducing a cation- 
exchange radical if needed is mentioned. 

[0026] It is used in this manufacture approach, without limiting especially the hydrocarbon system 
monomer used in manufacture of conventionally well-known cation exchange resin as a monomer which 
has the monomer or cation-exchange radical which has the functional group which can introduce cation 
exchange membrane. Specifically as a monomer which has the functional group which can introduce a 
cation-exchange radical, styrene, vinyltoluene, a vinyl xylene, alpha methyl styrene, vinyl naphthalene, 
alpha-halogenation styrene, etc. are mentioned. Moreover, as a monomer which has a cation-exchange 
radical, phosphonic acid system monomers, such as carboxylic-acid system monomers, such as sulfonic- 
acid system monomers, such as a styrene sulfonic acid, a vinyl sulfonic acid, and alpha-halogenation vinyl 
sulfonic acid, a methacrylic acid, an acrylic acid, and a maleic anhydride, and a vinyl phosphoric acid, those 
salts, and ester are used. 

[0027] Moreover, especially as a cross-linking monomer, although not restricted, divinyl compounds, such 
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as divinylbenzenes, a divinyl sulfone, a butadiene, a chloroprene, divinylbiphenyl, trivinylbenzene, divinyl 
naphthalene, a diaryl amine, and a dfl^vl pyridine, are used, for example. J^k 

[0028] In this invention, these monSBP-s, other monomers which can be cop^werized, and plasticizers 
other than the monomer which has the monomer or cation-exchange radical which has the functional group 
which can introduce the above-mentioned cation-exchange radical, or a cross-linking monomer may be 
added if needed. As other monomers carried out like this, styrene, acrylonitrile, methyl styrene, an acrolein, 
a methyl vinyl ketone, a vinyl biphenyl, etc. are used, for example. Moreover, as plasticizers, dibutyl 
phthalate, dioctyl phthalate, dimethyl isophthalate, a dibutyl horse mackerel peat, triethyl SHITORETO, 
acetyl tributyl citrate, dibutyl sebacate, etc. are used. 

[0029] Next, as a polymerization initiator in this invention, a well-known thing is conventionally used 
especially without a limit. As an example of such a polymerization initiator, organic peroxide, such as 
octanoyl peroxide, lauroyl peroxide, t-butylperoxy2-ethylhexanoate, benzoyl peroxide, t-buthylperoxy 
isobuthylate, t-butyl peroxy laurate, t-hexyl peroxy benzoate, and G t-butyl peroxide, is used. 
[0030] In this invention, the blending ratio of coal of each component which constitutes a monomer 
constituent In order to attain the purpose of this invention, generally As opposed to the monomer 100 
weight section which has the monomer or cation-exchange radical which has the functional group which 
can introduce a cation-exchange radical It is suitable to carry out 0-50 weight section use of the cross- 
linking monomer to the above-mentioned monomer, when adding the 0-100 weight section and 
plasticizers for 1 - 40 weight section, and these monomers and other monomers which can be 
copolymerized suitably, 0.1 - 50 weight section and. Moreover, it is desirable 0.1 - 20 weight section and to 
carry out 0.5-10 weight section combination of the polymerization initiator suitably to the monomer 100 
weight section which has the monomer or cation-exchange radical which has the functional group which 
can introduce a cation-exchange radical. 

[0031] Especially the restoration approach of the above-mentioned monomer constituent to the polyolefine 
system porous membrane which is a base material is not limited. For example, what is necessary is just to 
make it sink in, carrying out reduced pressure deaeration of the monomer group living thing at polyolefine 
system porous membrane. If it deaerates and infiltrates filling up high density with the above-mentioned 
monomer constituent to the details of the hole section of polyolefine system porous membrane under 
reduced pressure in this way to being difficult, it will become possible to be filled up with a monomer 
constituent without a clearance to these hole section details, as described above. And the cation exchange 
membrane obtained by carrying out the polymerization of the monomer constituent turns into film with very 
low gas permeability which said invention in this application specifies after this sinking in. 
[0032] Here, sinking-in processing while [ above-mentioned ] carrying out reduced pressure deaeration is 
contacted under the reduced pressure to polyolefine system porous membrane of a monomer constituent, 
and, specifically, is performed by returning a pressure to atmospheric pressure. For example, polyolefine 
system porous membrane is immersed in the monomer mixture which put the monomer constituent into the 
method of introducing into a container and infiltrating it until it returns to atmospheric pressure, or the 
container after putting polyolefine system porous membrane into the container and changing into a reduced 
pressure condition with a vacuum pump, and after carrying out reduced pressure deaeration of the gas in a 
hole with a vacuum pump, the approach of returning to atmospheric pressure is mentioned. Whenever 
[ reduced pressure / when decompressing ] has a desirable pressure until a monomer boils under 7kPa - 
working temperature, and it is desirable to choose from the range of 2kPa-0.1 kPa especially. What is 
necessary is for the temperature at the time of sinking in to have common 20 degrees C or less, and just 
to usually choose sinking-in time amount suitably in the range for 5-60 minutes. 

[0033] In order to postpolymerize, the approach of inserting into films, such as polyester, generally and 
carrying out a temperature up from ordinary temperature under pressurization which the above-mentioned 
polyolefine system porous membrane was made to fill up with a monomer constituent is desirable. What is 
necessary is for such polymerization conditions not to be influenced by the presentation of the class of 
polymerization initiator which involves, and a monomer constituent etc., not to limit them by the way, and 
just to choose them suitably. 

[0034] The filmy material which a polymerization is carried out as mentioned above and obtained can 
introduce the cation-exchange radical of a request of this by processing of well-known sulfonation, the 
Krol sulfonation, phosphonium-izing, hydrolysis, etc. if needed, and can use it as cation exchange 
membrane. 

[0035] this invention — setting — the above — a well-known structure thing can apply the solid oxide fuel 
cell for which the cation exchange membrane of description is used as a diaphragm that there is no limit in 
any way. Usually, it is common to be applied to what has structure as shown in above mentioned drawing 
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[0036] ' 

[Effect of the Invention] Like the aVK explanation, the diaphragm for solid-^We polyelectrolyte mold fuel 
cells of this invention has low electric resistance, and the cation exchange resin which constructed the 
bridge over the hole section of polyolefine system porous membrane consists of cation exchange 
membrane with which it filled up densely without a clearance to details. Therefore, the permeability of gas 
is very low. Moreover, since polyolefine system porous membrane is a base material, it excels also in 
dimensional stability or chemical resistance. 

[0037] therefore, ** — the crossover of a fuel and an oxidizing agent is controlled and, as for the fuel cell 
obtained using the diaphragm for solid-state polyelectrolyte mold fuel cells of this invention which has 
description [ like ], a high cell output is obtained. And increase of contact resistance with the electrode 
accompanying swelling contraction is suppressed, and heating sticking by pressure of the gas diffusion 
electrode can be carried out further there is no adhesive agent in this cation exchange membrane, and 
good again. 
[0038] 

[Example] Although an example and the example of a comparison are hereafter hung up and explained in 
order to explain this invention still more concretely, this invention is not limited to these examples. 
[0039] In addition, the property of the cation exchange membrane shown in an example and the example of 
a comparison shows the value measured by the following approaches. 

(1) Cation exchange capacity; 

After being immersed in 1 mol/L-HCI for 10 hours or more and using cation exchange membrane as a 
hydrogen ion mold, the quantum of the hydrogen ion which was made to permute by the sodium ion mold 
and separated by 1 mol/L-NaCI was carried out with potent iometric titration equipment (COMTITE-900, 
Hiranuma Sangyo Co., Ltd. make) (Amol). 

[0040] Next, reduced pressure drying of the same cation exchange membrane was carried out at 60 
degrees C for 5 hours, and the weight was measured (Wg). Cation exchange capacity was calculated by the 
degree type. 

Cation exchange capacity = Ax1 000/W [the mmol/g-desiccation film] 

(2) Cation exchange membrane was placed in the center of the two-room eel equipped with the electric 
resistance platinum electrode, and 25-degree C 3 mol/L sulfuric-acid water solution was filled in the cel. 
The Luggin capillary was prepared in the both sides of cation exchange membrane, and liquid junction was 
carried out to the reference electrode with the salt bridge. The potential (bV) when passing the current of 
100 mA/cm2, without inserting the potential (aV) and the film when passing the current of 100 mA/cm2 on 
both sides of the film was measured. The electric resistance of cation exchange membrane was searched 
for from the degree type. 

[0041] 

Electric resistance =1 OOOx (a-b)/1 00 [omegacm2] 

(3) After having been immersed in 1 mol/L-HCI for 4 hours or more, using water content cation exchange 
membrane as the hydrogen ion mold and fully rinsing it with ion exchange water, the film was taken out, 
surface moisture was wiped off by KIMUWAIPU etc., and the weight at the time of humidity (Wg) was 
measured. Next, reduced pressure drying of the film was carried out at 60 degrees C for 5 hours, and the 
weight at the time of desiccation (Dg) was measured. It asked for the water content of cation exchange 
membrane by the degree type. 

[0042] 

Water content = 1 0OOx (W-D) / D [%] 

(4) As a measuring method of a gas transmission coefficient gas transmission coefficient, the gas 
radiographic examination machine by the U-tube-construction mercury manometer (based on JIS Z 1707) 
was used. In 50 degrees C, the gas radiographic examination machine was equipped with the cation 
exchange membrane used for measurement by the moisture state. Moreover, the oxygen or hydrogen 
maintained at saturation temperature in 50 degrees C was used for the gas used for measurement. It asked 
for the gas transmission coefficient by the degree type. 

[0043] 

P=(p/t)x(1/A)x{1/(Pa-Pb)} 

P: Gas transmission coefficient (cm3 (STP), cm-cm-2, s-1 , and cmHg-1) 
p: The amount of gas transparency (cm3 (STP)) 
t; measuring time (s) 

I: Cation-exchange-membrane thickness (cm) 
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A: Gas transparency area (cm2) 
Pa: High-tension-side gas pressura^jfcnHg) 
Pb: Low-tension side gas pressurelBPrlg) 

(5) On carbon paper of 80% of void contents which carried out water-repellent treatment by fuel cell 
output voltage polytetrafluoroethylene, what mixed 5% solution (the Du Pont make, trade name NAFION) of 
water with the carbon black of **** of 30 % of the weight of platinum and the alcohol of perfluorocarbon 
sulfonic acid was applied, reduced pressure drying was carried out at 80 degrees C for 4 hours, and it 
considered as the gas diffusion electrode. 

[0044] Next, after setting the above-mentioned gas diffusion electrode to both sides of the cation 
exchange membrane to measure and carrying out a heat press for 100 seconds under 150 degrees C and 
pressurization with a pressure of 100kg/cm2, it was left for 2 minutes at the room temperature. It included 
in the fuel cell eel which shows this to drawing 1 , and the output voltage at the time of 200 mL/min and 
400 mL/min was measured for oxygen with pressure 2 atmospheric pressure, a fuel cell eel temperature 
[ of 50 degrees C ], and a humidification temperature of 50 degrees C, and hydrogen, respectively. 

(6) Thermal resistance (contraction) 

After leaving the sample film for measurement which carried out predrying in the 50-degree C dryer for 1 
hour in a 160-degree C dryer for 30 minutes, it took out from the dryer, the dimension was measured and 
contraction was searched for by the following formulas. 
[0045] S=1 OOx (La-Lb)/LaS: Contraction (%) 

La: The die length of the film dried in the 50 degree C dryer (cm) 

Lb: The die length of the film left in the 1 60 degree C dryer for 30 minutes (cm) 

According to the presentation table having shown in one to example 6 table 1, various monomers etc. were 
mixed and the monomer constituent was obtained. 400g of obtained monomer constituents was put into 
the glassware of 500mL(s) r and the polyolefine system porous membrane (A, B, C, every 20cmx 20cm) of 
weight average molecular weight 350,000 was immersed. 

[0046] Next, glassware was made reduced pressure for 10 minutes to the pressure of 0.7kPa(s) with the 
vacuum pump, after carrying out reduced pressure deaeration, it returned to ordinary pressure and the hole 
of polyolefine system porous membrane was filled up with the monomer constituent. Then, polyolefine 
system porous membrane was taken out out of the monomer constituent, and after covering the both sides 
of polyolefine system porous membrane by making 1 00-micrometer polyester film into a remover, the 
heating polymerization was carried out under 3kg/cm2 nitrogen pressurization for 80-degree-C 5 hours. 
[0047] The obtained filmy material was immersed for 45 minutes at 40 degrees C into the 1:1 mixture of 
98% concentrated sulfuric acid and the chlorosulfonic acid of 90% or more of purity, and sulfonic acid type 
cation exchange membrane was obtained. 

[0048] The thickness of such sulfonic acid type cation exchange membrane, cation exchange capacity, 
electric resistance, a gas transmission coefficient, fuel cell output voltage, and thermal resistance were 
measured. These results were shown in Table 2. 

[0049] The 400g of the same monomer constituents as example of comparison 1 example 1 was put into 
the glassware of 500mL(s), except the polyolefine system porous membrane (D) of molecular weight 2 
million having been immersed for 10 minutes under atmospheric pressure, the same actuation as an 
example 1 was performed and sulfonic acid type cation exchange membrane was obtained. 
[0050] The thickness of such sulfonic acid type cation exchange membrane, cation exchange capacity, 
electric resistance, a gas transmission coefficient, fuel cell output voltage, and thermal resistance were 
measured. These results were shown in Table 2. 

[0051] Example of comparison 2 polyolefine system porous membrane (A) was immersed in 10% benzene 
solution of the polystyrene of a mean molecular weight 200,000 for 5 minutes. Then, polyolefine system 
********** was taken out out of liquid, and it dried at 50 degrees C. After repeating this actuation 5 
times, reduced pressure drying was carried out at 100 degrees C for 2 hours, and the filmy material was 
obtained. 

[0052] The obtained filmy material was immersed for 60 minutes at 40 degrees C into 98% concentrated 
sulfuric acid, and sulfonic acid type cation exchange membrane was obtained. 

[0053] The thickness of such sulfonic acid type cation exchange membrane, cation exchange capacity, 
electric resistance, a gas transmission coefficient, fuel cell output voltage, and thermal resistance were 
measured. These results were shown in Table 2. 

[0054] Thickness, cation exchange capacity, electric resistance, a gas transmission coefficient, fuel cell 
output voltage, and thermal resistance were similarly measured using the example of comparison 3 
perfluoro KAKABON sulfonic-acid film (commercial item). These results were shown in Table 2. 
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[0055] 
[table 1] 









O t 


U V D 


A T D /"» 4) 
M 1 Dv 




i 


A 


UVi 


40 


15 


5 




B 


60 


40 


15 


5 


3 


C 


60 


40 


15 


5 


4 


A 


80 


20 


10 


5 


5 


B 


80 


20 


10 


5 


6 


C 


80 


20 


10 


5 




D 


60 


40 


15 


5 



1 ) £flft 

B ; #'jX^U>gL IH50)um, 

D ; ;tf'jX^U>£l, flgj?5 0/im, ^R£^ 

2) *^U> 

3) vtf-;u^>-t?> 

4) T-tz^;u^x>KhU^;u 

5) t -^/U/*— ^-^i/X^;U>s4r-t*-yx— h 



4 5%, sp^HgO. 5jum 

6 0%, ^dFLSO. 5/xm 

8 0%, ¥S)?l&0. 5^m 

6 0%, sp^TLS 0 . 5 /x m 



[0056] 
[Table 2] 



unsafe 


mm 










mm** 


















21&&X10* 


MEL 




1 


30 


1. 1 


46 


0.05 


2.5 


1.5 


0. 62 


10.3 


2 


64 


1.5 


52 


0. 07 


2.2 


1.3 


0. 60 


11.5 


3 


90 


2.3 


62 


0. 10 


1.9 


0.9 


0. 55 


12.8 


4 


28 


1.5 


55 


0.04 


2.8 


1.9 


0.56 


11.4 


5 


€0 


2.3 


70 


0.05 


2. 4 


1.4 


0. 56 


13.4 


6 


82 


2.9 


83 


0. 09 


2. 1 


1. 1 


0 66 


13.6 


: 1 


55 


0.4 


20 


0. 40 


11.3 


9.2 


0. 32 


9.3 


; item 2 


30 


0.4 


15 


0. 30 


20.2 


15.2 


0. 28 


10. 4 


| £8013 


175 


0.9 


0.9 


0. 32 


3.5 


2.4 


0, 21 


12.9 



m«»^t[Q ' cm 1 ] 

TK^XSiSI^Cc m 3 (STP) c 
^^ffiS1i[cm a (STP) c 

i&3§2*[%] 



c m 
c m " 



c m H 
c m H 



- 1 3 
~ 1 3 



[0057] 



[Translation done.] 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_eije 



04/08/25 



1/1 



* NOTICES * 

m ■ 

Japan Patent Office is not responsiWi^for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the diaphragm for solid-state polyelectrolyte mold fuel 
cells which consists of a diaphragm for polymer electrolyte fuel cells, and cation exchange membrane which 
uses polyolefine system porous membrane as a base material in detail. 
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Japan Patent Office is not responsi 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] A fuel cell is a generation-of-electrical-energy system which takes out 
chemical energy when a fuel and an oxidizer are supplied continuously and these react as power A fuel cell 
is divided roughly by the class of electrolyte used for this with a phosphoric-acid mold with a 
comparatively low operating temperature, a solid-state macromolecule mold, the melting carbonate mold 
that operates at an elevated temperature, and a solid oxide type. 

[0003] it be make to act as a fuel cell by join the gas diffusion electrode with which the catalyst be **** 
(ed) by both sides of the diaphragm of the solid-state macromolecule on which a polymer electrolyte fuel 
cell act as an electrolyte in these , supply the oxygen content gas which be oxidizers , such as oxygen and 
air , respectively to ** of the side to which the gas diffusion electrode of another side exist the hydrogen 
which be a fuel in ** ( combustion chamber ) of the side in which one gas diffusion electrode exist , and 
connect an external load circuit between ring main diffusion electrodes . 

[0004] The basic structure of such a polymer electrolyte fuel cell is shown in drawing 1 . the inside of 
drawing, and (1) — ■ in a cell septum and (2), a combustion chamber side gas diffusion electrode and (5) 
show an oxidizer room side gas diffusion electrode, and, as for a fuel gas circulation hole and (3), (6) shows 
the solid-state polyelectrolyte film, as for an oxidizer gas circulation hole and (4). In this polymer 
electrolyte fuel cell, by the combustion chamber (7), a proton (hydrogen ion) and an electron generate from 
the supplied hydrogen gas, and this proton conducts the inside of a solid-state polyelectrolyte (6), moves 
to the oxidizer room (8) of another side, reacts with the oxygen in air or oxygen gas, and generates water. 
At this time, when the electron generated with the combustion chamber side gas diffusion electrode (4) 
moves to an oxidizer room side gas diffusion electrode (5) through an external load circuit electrical energy 
is obtained. 

[0005] In the polymer electrolyte fuel cell of such structure, cation exchange membrane is usually used for 
the above-mentioned diaphragm. And it is required for this cation exchange membrane small [ electric 
resistance ], high [ water retention ], that gas permeability is low, stable to long-term use, that physical 
reinforcement should be strong, etc. 

[0006] Conventionally, the perfluorocarbon-sulfonic-acid film is mainly used as a cation exchange 
membrane used as a diaphragm for polymer electrolyte fuel cells. However, although this film was excellent 
in chemical stability, reduction of the electric resistance by thin-film-izing was [ that desiccation of cation 
exchange membrane arises and the conductivity of a proton tends to fall ] difficult for it, since still more 
nearly physical reinforcement was also inadequate, since water holding capacity was inadequate. 
Furthermore, the perfluorocarbon-sulfonic-acid film was expensive. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Like the above explanation, the diaphragm for solid-state poly electrolyte mold fuel 
cells of this invention has low electric resistance, and the cation exchange resin which constructed the 
bridge over the hole section of polyolefine system porous membrane consists of cation exchange 
membrane with which it filled up densely without a clearance to details. Therefore, the permeability of gas 
is very low. Moreover, since polyolefine system porous membrane is a base material, it excels also in 
dimensional stability or chemical resistance. 

[0037] therefore, ** — the crossover of a fuel and an oxidizing agent is controlled and, as for the fuel cell 
obtained using the diaphragm for solid-state polyelectrolyte mold fuel cells of this invention which has 
description [ like ], a high cell output is obtained. And increase of contact resistance with the electrode 
accompanying swelling contraction is suppressed, and heating sticking by pressure of the gas diffusion 
electrode can be carried out further there is no adhesive agent in this cation exchange membrane, and 
good again. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] On the other hand to JP,1-22932,A, as a diaphragm for polymer 
electrolyte fuel cells The cation exchange membrane with which weight average molecular weight comes to 
fill up cation exchange resin all over 500,000 or more holes of the polyolefine system porous membrane of 
the amount of macromolecules is indicated. As the manufacture approach Make a solvent dissolve cation 
exchange resin in the above-mentioned porous membrane, it is made to sink in, the approach of making a 
solvent removing, the monomer of cation exchange resin, etc. are infiltrated into the above-mentioned 
porous membrane after that, and the method of performing the polymerization of the above-mentioned raw 
material monomer etc. is indicated after that. 

[0008] However, when this cation exchange membrane infiltrated into the above-mentioned porous 
membrane the solution which cation exchange resin dissolves, and its raw material monomer since a base 
material is the polyolefine of the amount of macromolecules although physical reinforcement was good, this 
porous membrane did not fully swell it, but it had the problem into which these do not fully enter to the 
details in a membranous hole. By the approach of infiltrating the solution of cation exchange membrane 
especially, since a solvent was removed after sinking in, the volume change of packing arose and the 
restoration nature to the hole section details of the above-mentioned porous membrane was falling further. 
Moreover, it was difficult to have made it fill up also with the approach of infiltrating a raw material 
monomer, densely to the hole section details, since these monomers are hyperviscosity in many cases. 
[0009] Therefore, the cation exchange membrane obtained by the above-mentioned approach was that 
from which it does not fill up with cation exchange resin densely to the hole details of a base material, and 
the permeability of gas is large, therefore it cannot fully suppress that the hydrogen gas of a combustion 
chamber is spread in an oxidation room side when it is used as said diaphragm for fuel cells, and a big cell 
output is not obtained. Moreover, ion exchange capacity was low and the electric resistance of ion 
exchange capacity was also high. 

[001 0] As mentioned above, it was a big technical problem to have sufficient physical reinforcement and to 
develop a polymer electrolyte fuel cell diaphragm with low gas permeability small [ electric resistance ]. 
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MEANS 



[Means for Solving the Problem] this invention persons have continued research wholeheartedly in order to 
solve the above-mentioned technical problem. Consequently, polyolefine system porous membrane was 
used as the base material, and electric resistance is small, and it succeeds in gas permeability developing 
low cation exchange membrane, and came to complete this invention. 

[0012] That is, this invention is a diaphragm for solid-state polyelectrolyte mold fuel cells which uses 
polyolefine system porous membrane as a base material, and it comes to fill up the hole section cation 
exchange resin, and the electric resistance in a 1 mol/L-sulfuric-acid water solution is two or less 0.20ohm 
and cm, and is characterized by the transmission coefficient of the hydrogen gas in 50 degrees C 
consisting of cation exchange membrane which is 3.0x1 0-8cm3 (STP), cm-cm-2, s-1, and less than 
[ cmHg-1 ]. 
[001 3] 

[Embodiment of the Invention] As for the cation exchange membrane used in this invention, the free 
passage hole of polyolefine system porous membrane is filled up with cation exchange resin, and, as for 
usual, it fills up with the so-called ion exchange resin of a hydrocarbon system completely substantially. 
That is, the high hydrocarbon system ion exchange resin of the hydration force is the cation exchange 
membrane of the gestalt distributed to polyolefine system porous membrane, and since the restoration 
nature of ion exchange resin is high, this cation exchange membrane can be set as the range of a request 
of electric resistance and the transmission coefficient of hydrogen gas by adjusting ion exchange capacity 
and fixed ion concentration. 

[0014] As polyolefine which is raw material resin of porous membrane, the homopolymer of the alpha olefin 
of carbon numbers 2-8, other alpha olefins, or a copolymer with other monomers which can be 
copolymerized is suitably mentioned for ethylene, a propylene, 1-butene, 1-pentene, 1-hexene, a 3- 
methyl-1 -butene, 4-methyM -pentene, a 5-methyM-heptene, etc. 90% of the weight or more of a thing 
has the desirable content of the monomer based on an alpha olefin. In such polyolefines, polyethylene and 
polypropylene are desirable and especially polyethylene is desirable. 

[0015] the weight average molecular weight of polyolefine — 10,000-450,000 — suitable — 100,000- 
450,000 — 1 50,000-400,000 are still more suitably desirable. By using the polyolefine of the above- 
mentioned weight average molecular weight, it becomes possible for porous membrane to become what has 
low bloating tendency, and for you to make it more densely filled up with this monomer constituent to the 
hole details in the manufacture approach of the cation exchange membrane mentioned later at the time of 
sinking [ of the monomer constituent for manufacturing cation exchange resin ] in. 

[001 6] In addition, backing according [ such polyolefine system porous membrane ] to blanket-like objects, 
such as a product made from polypropylene system fiber, further may be performed. 
[0017] 0.1-5 micrometers, suitably, the average aperture of the hole of the above-mentioned polyolefine 
system porous membrane is 0.1-1 micrometer, and 40 - 90% of thing of voidage is more preferably 
desirable [ an aperture ] 30 to 95%. Since electric resistance increases when an average aperture is 0.1 
micrometers or less, and a mechanical strength becomes low when an average aperture is 5 micrometers 
or less, it is not desirable. Moreover, since electric resistance increases when voidage is 30% or less, and a 
mechanical strength becomes low when voidage is 95% or more, it is not desirable. 

[0018] Furthermore, as for polyolefine system porous membrane, what usually has the thickness of 5-100 
micrometers from a viewpoint which gives the viewpoint which suppresses electric resistance low, and a 
mechanical strength required as a supporting lamella is desirable, and what has 10-70 micrometers more 
preferably is desirable. That to which such polyolefine system porous membrane porosity-ized the 
polyolefine system film by the extending method etc. is used. 
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[0019] As for the diaphragm for solid-state poly electrolyte mold fuel cells of this invention, the hole 
section of the above-mentioned pc^^efine system porous membrane is fille^^with cation exchange 
resin. Although it is not limited espHPIly if it is the functional group which c^Rerve as negative charge in 
the inside of a water solution as a cation-exchange radical of cation exchange resin, a sulfonic group, a 
carboxylic-acid radical, a phosphonic acid radical, etc. are mentioned, among these, specifically, especially 
a sulfonic group is desirable. 

[0020] Since the thickness of said extent can use thin porous membrane as a base material in the cation 
exchange membrane used by this invention, the electric resistance in a 1 mol/L-sulfuric-acid water 
solution is the small value of 0.05-0.1 5ohm and cm2 suitably two or less 0.20 ohm-cm, and it is 
advantageous as a diaphragm for cells. 

[0021] And since the restoration nature of the cation exchange resin to the hole section of the porous 
membrane of a base material is high, the permeability of gas is very small [ cation exchange membrane ], 
while the cation exchange membrane used by this invention is film with electric resistance small like the 
above, namely, the transmission coefficient of the hydrogen gas in 50 degrees C — 3.0x1 0-8cm3 (STP), 
cm-cm-2, s-1, and cmHg- it is 0.5-2.0x1 0-8cm3 (STP), cm-cm-2, s-1, and cmHg-1 suitably one or less. 
Thus, since the transmission coefficient of hydrogen gas is small, that the supplied hydrogen gas 
penetrates a diaphragm and is spread in oxygen gas can prevent the diaphragm for solid-state 
polyelectrolyte mold fuel cells of this invention which consists of this cation exchange membrane good, and 
the cell of a high output is obtained. 

[0022] In addition, generally the cation exchange membrane used by this invention which has the 
transmission coefficient of the above-mentioned hydrogen gas has the value of 2.0x1 0-8cm3 (STP), cm- 
cm-2, s-1 and less than [ cmHg-1 ], and also 0.3-1 .5x1 0-8cm3 (STP), cm-cm-2, s-1 and cmHg-1 as a 
transmission coefficient of the oxygen gas in 50 degrees C. Therefore, transparency of the diaphragm of 
oxygen gas can also prevent the polymer electrolyte fuel cell diaphragm of this invention good. 
[0023] Furthermore, as for the cation exchange membrane used by this invention, it is desirable that the 
viewpoint which maintains electric resistance at the above-mentioned range to cation exchange capacity is 
0.5 - 3.0 mmol/g suitably 0.2 to 5.0 mmol/g. 

[0024] Moreover, as for water content, it is suitably desirable that it is 40% or more 30% or more so that it 
may be hard to produce the conductive fall of the proton by desiccation. Generally water content is held at 
about 30 - 90%. In order to obtain the water content of such range, it is controllable by the class, the 
cation exchange capacity, and the degree of cross linking of the cation exchange resin which exists in the 
hole section of porous membrane. 

[0025] Although the cation exchange membrane which has such description may be manufactured by what 
kind of approach, generally it is manufactured by the following approaches. That is, after making it sink in, 
carrying out reduced pressure deaeration of the monomer constituent which consists of the monomer, 
cross-linking monomer, and polymerization initiator which have the functional group or cation-exchange 
radical which can introduce a cation-exchange radical at polyolefine system porous membrane, the 
polymerization of the monomer constituent is carried out and the approach of introducing a cation- 
exchange radical if needed is mentioned. 

[0026] It is used in this manufacture approach, without limiting especially the hydrocarbon system 
monomer used in manufacture of conventionally well-known cation exchange resin as a monomer which 
has the monomer or cation-exchange radical which has the functional group which can introduce cation 
exchange membrane. Specifically as a monomer which has the functional group which can introduce a 
cation-exchange radical, styrene, vinyltoluene, a vinyl xylene, alpha methyl styrene, vinyl naphthalene, 
alpha^halogenation styrene, etc. are mentioned. Moreover, as a monomer which has a cation-exchange 
radical, phosphonic acid system monomers, such as carboxylic-acid system monomers, such as sulfonic- 
acid system monomers, such as a styrene sulfonic acid, a vinyl sulfonic acid, and alpha-halogenation vinyl 
sulfonic acid, a methacrylic acid, an acrylic acid, and a maleic anhydride, and a vinyl phosphoric acid, those 
salts, and ester are used. 

[0027] Moreover, especially as a cross-linking monomer, although not restricted, divinyl compounds, such 
as divinylbenzenes, a divinyl sulfone, a butadiene, a chloroprene, divinylbiphenyl, trivinylbenzene, divinyl 
naphthalene, a diaryl amine, and a divinyl pyridine, are used, for example. 

[0028] In this invention, these monomers, other monomers which can be copolymerized, and plasticizers 
other than the monomer which has the monomer or cation-exchange radical which has the functional group 
which can introduce the above-mentioned cation-exchange radical, or a cross-linking monomer may be 
added if needed. As other monomers carried out like this, styrene, acrylonitrile, methyl styrene, an acrolein, 
a methyl vinyl ketone, a vinyl biphenyl, etc. are used, for example. Moreover, as plasticizers, dibutyl 
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phthalate, dioctyl phthalate, dimethyl isophthalate, a dibutyl horse mackerel peat, triethyl SHITORETO, 
acetyl tributyl citrate, dibutyl seba^^k etc. are used. 

[0029] Next, as a polymerization in^Bfor in this invention, a well-known thin^^^onventionally used 
especially without a limit. As an example of such a polymerization initiator, organic peroxide, such as 
octanoyl peroxide, lauroyl peroxide, t-butylperoxy2-ethylhexanoate, benzoyl peroxide, t-buthylperoxy 
isobuthylate, t-butyl peroxy laurate, t-hexyl peroxy benzoate, and G t-butyl peroxide, is used. 
[0030] In this invention, the blending ratio of coal of each component which constitutes a monomer 
constituent In order to attain the purpose of this invention, generally As opposed to the monomer 100 
weight section which has the monomer or cation-exchange radical which has the functional group which 
can introduce a cation-exchange radical It is suitable to carry out 0-50 weight section use of the cross- 
linking monomer to the above-mentioned monomer, when adding the 0-100 weight section and 
plasticizers for 1-40 weight section, and these monomers and other monomers which can be 
copolymerized suitably, 0.1 - 50 weight section and. Moreover, it is desirable 0.1 - 20 weight section and to 
carry out 0.5-10 weight section combination of the polymerization initiator suitably to the monomer 100 
weight section which has the monomer or cation-exchange radical which has the functional group which 
can introduce a cation-exchange radical. 

[0031] Especially the restoration approach of the above-mentioned monomer constituent to the polyolefine 
system porous membrane which is a base material is not limited. For example, what is necessary is just to 
make it sink in, carrying out reduced pressure deaeration of the monomer group living thing at polyolefine 
system porous membrane. If it deaerates and infiltrates filling up high density with the above-mentioned 
monomer constituent to the details of the hole section of polyolefine system porous membrane under 
reduced pressure in this way to being difficult, it will become possible to be filled up with a monomer 
constituent without a clearance to these hole section details, as described above. And the cation exchange 
membrane obtained by carrying out the polymerization of the monomer constituent turns into film with very 
low gas permeability which said invention in this application specifies after this sinking in. 
[0032] Here, sinking-in processing while [ above-mentioned ] carrying out reduced pressure deaeration is 
contacted under the reduced pressure to polyolefine system porous membrane of a monomer constituent, 
and, specifically, is performed by returning a pressure to atmospheric pressure. For example, polyolefine 
system porous membrane is immersed in the monomer mixture which put the monomer constituent into the 
method of introducing into a container and infiltrating it until it returns to atmospheric pressure, or the 
container after putting polyolefine system porous membrane into the container and changing into a reduced 
pressure condition with a vacuum pump, and after carrying out reduced pressure deaeration of the gas in a 
hole with a vacuum pump, the approach of returning to atmospheric pressure is mentioned. Whenever 
[ reduced pressure / when decompressing ] has a desirable pressure until a monomer boils under 7kPa - 
working temperature, and it is desirable to choose from the range of 2kPa-0.1kPa especially. What is 
necessary is for the temperature at the time of sinking in to have common 20 degrees C or less, and just 
to usually choose sinking-in time amount suitably in the range for 5-60 minutes. 

[0033] In order to postpolymerize, the approach of inserting into films, such as polyester, generally and 
carrying out a temperature up from ordinary temperature under pressurization which the above-mentioned 
polyolefine system porous membrane was made to fill up with a monomer constituent is desirable. What is 
necessary is for such polymerization conditions not to be influenced by the presentation of the class of 
polymerization initiator which involves, and a monomer constituent etc., not to limit them by the way, and 
just to choose them suitably. 

[0034] The filmy material which a polymerization is carried out as mentioned above and obtained can 
introduce the cation-exchange radical of a request of this by processing of well-known sulfonation, the 
Krol sulfonation, phosphonium-izing, hydrolysis, etc. if needed, and can use it as cation exchange 
membrane. 

[0035] this invention — setting — the above — a well-known structure thing can apply the solid oxide fuel 
cell for which the cation exchange membrane of description is used as a diaphragm that there is no limit in 
any way. Usually, it is common to be applied to what has structure as shown in above mentioned drawin g 
1 . 
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EXAMPLE 



[Example] Although an example and the example of a comparison are hereafter hung up and explained in 
order to explain this invention still more concretely, this invention is not limited to these examples. 
[0039] In addition, the property of the cation exchange membrane shown in an example and the example of 
a comparison shows the value measured by the following approaches. 

(1) Cation exchange capacity; 

After being immersed in 1 mol/L-HCI for 10 hours or more and using cation exchange membrane as a 
hydrogen ion mold, the quantum of the hydrogen ion which was made to permute by the sodium ion mold 
and separated by 1 mol/L-NaCI was carried out with potentiometric titration equipment (COMTITE-900, 
Hiranuma Sangyo Co., Ltd. make) (Ambl). 

[0040] Next, reduced pressure drying of the same cation exchange membrane was carried out at 60 
degrees C for 5 hours, and the weight was measured (Wg). Cation exchange capacity was calculated by the 
degree type. 

Cation exchange capacity = Ax1000/W [the mmol/g-desiccation film] 

(2) Cation exchange membrane was placed in the center of the two-room eel equipped with the electric 
resistance platinum electrode, and 25-degree C 3 mol/L sulfuric-acid water solution was filled in the cel. 
The Luggin capillary was prepared in the both sides of cation exchange membrane, and liquid junction was 
carried out to the reference electrode with the salt bridge. The potential (bV) when passing the current of 
100 mA/cm2, without inserting the potential (aV) and the film when passing the current of 100 mA/cm2 on 
both sides of the film was measured. The electric resistance of cation exchange membrane was searched 
for from the degree type. 

[0041] 

Electric resistance =1000x (a-b)/100 [omegacm2] 

(3) After having been immersed in 1 mol/L-HCI for 4 hours or more, using water content cation exchange 
membrane as the hydrogen ion mold and fully rinsing it with ion exchange water, the film was taken out, 
surface moisture was wiped off by KIMUWAIPU etc., and the weight at the time of humidity (Wg) was 
measured. Next, reduced pressure drying of the film was carried out at 60 degrees C for 5 hours, and the 
weight at the time of desiccation (Dg) was measured. It asked for the water content of cation exchange 
membrane by the degree type. 

[0042] 

Water content = 1000x (W-D) / D [%] 

(4) As a measuring method of a gas transmission coefficient gas transmission coefficient, the gas 
radiographic examination machine by the U-tube-construction mercury manometer (based on JIS Z 1707) 
was used. In 50 degrees C t the gas radiographic examination machine was equipped with the cation 
exchange membrane used for measurement by the moisture state. Moreover, the oxygen or hydrogen 
maintained at saturation temperature in 50 degrees C was used for the gas used for measurement. It asked 
for the gas transmission coefficient by the degree type. 

[0043] 

P=(p/t)x(1/A) x {1 /(Pa-Pb)} 

P: Gas transmission coefficient (cm3 (STP), cm-cm-2, s-1, and cmHg-1) 
p: The amount of gas transparency (cm3 (STP)) 
t; measuring time (s) 

I: Cation-exchange-membrane thickness (cm) 

A: Gas transparency area (cm2) 

Pa: High-tension-side gas pressure (cmHg) 
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Rb: Low-tension side gas pressure (^xiHg) 

(5) On carbon paper of 80% of void^^^fcents which carried out water-repelledHpatment by fuel cell 
output voltage polytetrafluoroethyle^^what mixed 5% solution (the Du Pont make, trade name NAFION) of 
water with the carbon black of **** of 30 % of the weight of platinum and the alcohol of perfluorocarbon 
sulfonic acid was applied, reduced pressure drying was carried out at 80 degrees C for 4 hours, and it 
considered as the gas diffusion electrode. 

[0044] Next after setting the above-mentioned gas diffusion electrode to both sides of the cation 
exchange membrane to measure and carrying out a heat press for 100 seconds under 150 degrees C and 
pressurization with a pressure of 100kg/cm2, it was left for 2 minutes at the room temperature. It included 
in the fuel cell eel which shows this to drawing 1 , and the output voltage at the time of 200 mL/min and 
400 mL/min was measured for oxygen with pressure 2 atmospheric pressure, a fuel cell eel temperature 
[ of 50 degrees C ], and a humidification temperature of 50 degrees C, and hydrogen, respectively. 

(6) Thermal resistance (contraction) 

After leaving the sample film for measurement which carried out predrying in the 50-degree C dryer for 1 
hour in a 1 60-degree C dryer for 30 minutes, it took out from the dryer, the dimension was measured and 
contraction was searched for by the following formulas. 
[0045] S=100x (La-Lb)/LaS: Contraction (%) 

La: The die length of the film dried in the 50 degree C dryer (cm) 

Lb: The die length of the film left in the 160 degree C dryer for 30 minutes (cm) 

According to the presentation table having shown in one to example 6 table 1, various monomers etc. were 
mixed and the monomer constituent was obtained. 400g of obtained monomer constituents was put into 
the glassware of 500m L(s), and the polyolefine system porous membrane (A, B, C, every 20cmx 20cm) of 
weight average molecular weight 350,000 was immersed. 

[0046] Next, glassware was made reduced pressure for 1 0 minutes to the pressure of 0.7kPa(s) with the 
vacuum pump, after carrying out reduced pressure deaeration, it returned to ordinary pressure and the hole 
of polyolefine system porous membrane was filled up with the monomer constituent. Then, polyolefine 
system porous membrane was taken out out of the monomer constituent, and after covering the both sides 
of polyolefine system porous membrane by making 1 00-micrometer polyester film into a remover, the 
heating polymerization was carried out under 3kg/cm2 nitrogen pressurization for 80-degree-C 5 hours. 
[0047] The obtained filmy material was immersed for 45 minutes at 40 degrees C into the 1:1 mixture of 
98% concentrated sulfuric acid and the chlorosulfonic acid of 90% or more of purity, and sulfonic acid type 
cation exchange membrane was obtained. 

[0048] The thickness of such sulfonic acid type cation exchange membrane, cation exchange capacity, 
electric resistance, a gas transmission coefficient, fuel cell output voltage, and thermal resistance were 
measured. These results were shown in Table 2. 

[0049] The 400g of the same monomer constituents as example of comparison 1 example 1 was put into 
the glassware of 500mL(s), except the polyolefine system porous membrane (D) of molecular weight 2 
million having been immersed for 10 minutes under atmospheric pressure, the same actuation as an 
example 1 was performed and sulfonic acid. type cation exchange membrane was obtained. 
[0050] The thickness of such sulfonic acid type cation exchange membrane, cation exchange capacity, 
electric resistance, a gas transmission coefficient, fuel cell output voltage, and thermal resistance were 
measured. These results were shown in Table 2. 

[0051] Example of comparison 2 polyolefine system porous membrane (A) was immersed in 10% benzene 
solution of the polystyrene of a mean molecular weight 200,000 for 5 minutes. Then, polyolefine system 
********** was taken out out of liquid, and it dried at 50 degrees C. After repeating this actuation 5 
times, reduced pressure drying was earned out at 100 degrees C for 2 hours, and the filmy material was 
obtained. 

[0052] The obtained filmy material was immersed for 60 minutes at 40 degrees C into 98% concentrated 
sulfuric acid, and sulfonic acid type cation exchange membrane was obtained. 

[0053] The thickness of such sulfonic acid type cation exchange membrane, cation exchange capacity, 
electric resistance, a gas transmission coefficient, fuel cell output voltage, and thermal resistance were 
measured. These results were shown in Table 2. 

[0054] Thickness, cation exchange capacity, electric resistance, a gas transmission coefficient, fuel cell 
output voltage, and thermal resistance were similarly measured using the example of comparison 3 
perfluoro KAKABON sulfonic-acid film (commercial item). These results were shown in Table 2. 
[0055] 
[Table 1] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] Drawing 1 is the conceptual diagram showing the basic structure of a solid-state 
polyelectrolyte mold fuel cell. 
[Description of Notations] 
1; cell septum 
2; fuel gas circulation hole 
3; oxidizer gas circulation hole 

4; combustion chamber side gas diffusion electrode 
5; oxidizer room side gas diffusion electrode 
6; solid-state polyelectrolyte 
7; combustion chamber 
8; oxidizer room 
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[Drawing 1] 
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